Background: Perforation is a serious life-threatening complication of lymphomas involving the gastrointestinal (GI) tract.
introduction Gastrointestinal (GI) lymphomas have been reported to constitute up to 10 to 15% of all newly diagnosed nonHodgkin's lymphomas (NHL) [1] [2] [3] . The GI tract is the most common site for extra-nodal involvement in NHL [4] . Perforation and peritonitis are known complications of GI lymphomas that can occur either at diagnosis or during the course of treatment. Although unusual, the occurrence of perforations is potentially life threatening and leads to considerable morbidity from sepsis, multi-organ failure, prolonged hospitalization, complications of wound healing, delays in the initiation of chemotherapy and mortality. Several studies have reported an inferior outcome of GI lymphomas when complicated by perforation [2, 4, 5] .
There is concern regarding the potential for gut perforation at the time of institution of chemotherapy for GI NHL. Some patients are hospitalized for the first cycle of chemotherapy to be observed for signs and symptoms of perforations. Early identification of patients with impending perforation may permit early surgical intervention. In order to improve management strategies in patients with GI lymphoma, a retrospective review of a single institution experience was undertaken to address the location and timing of perforation in the disease course of these patients.
patients and methods
We utilized the Mayo Clinic Lymphoma Data Base (January 1975-May 2012) and the University of Iowa/Mayo SPORE Database (2002-present) in conjunction with the Mayo Clinic Life Sciences System to identify all patients with biopsy-proven involvement of the GI tract with lymphoma [6, 7] . All pathology specimens were centrally reviewed. Patients who had radiologic evidence of gut involvement without tissue pathology from the gut were excluded. The clinical and surgical records of these patients were reviewed to identify those patients who sustained an intestinal perforation. Perforation was defined as the presence of free air under the diaphragm on abdominal imaging and/or demonstration of a perforated bowel at laparotomy with or without localized abscess or peritonitis. Perforation could have occurred at any point in time from initial diagnosis of lymphoma to date of last follow-up or date of death. For patients who had a complication of perforation(s), data were collected including the date of diagnosis of lymphoma, age at diagnosis, histopathology, date of perforation, site of perforation, surgery carried out, chemotherapy administered, date of last chemotherapy before perforation, date and cause of death, and date of last follow-up. Descriptive statistics are reported as number ( percentage) or median (range) as appropriate. Cox proportional hazards regression was used to assess the risk of perforation with lymphoma subtypes. The results are reported as hazard ratio (HR) and 95% confidence interval (CI). The α level was set at 0.05 for statistical significance. This study was approved by Mayo Clinic Institutional Review Board in accordance with US federal regulations and the Declaration of Helsinki.
results
Between January 1975 and May 2012, 1062 patients were identified with biopsy-proven involvement of the GI tract with lymphoma. The most common types of GI lymphomas diagnosed at biopsy were diffuse large B-cell NHL (DLBCL) (39%) and extranodal marginal zone B-cell lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma) (21%) ( Table 1) . Nine percent (92 of 1062) of these patients had an intestinal perforation. Eight of the 92 (8.7%) patients had two episodes of perforation, thereby increasing the total number of perforation events to 100. The GI tract was the primary site of lymphoma involvement in 72 of the 92 patients at presentation; in the other 20 patients, the GI tract was secondarily involved from systemic lymphoma.
clinical characteristics
The clinical characteristics of the 92 patients with GI perforation are summarized in Table 2 . The median age at the time of initial diagnosis of lymphoma in this cohort was 64 years (range, 24-89). The median age at perforation was 66 years (range, 24-90); 65% (60 of 92) of the patients were male. Out of 100 perforation events, 51 occurred as the initial presentation of intestinal lymphoma and 49 occurred during treatment with chemotherapy (Table 3 ). Of those 49 events, 25 were preceded by their first (initial) chemotherapy regimen; 24 occurred in the setting of relapsed/refractory lymphoma after having received multiple chemotherapy regimens before perforation. In the 25 perforations that occurred after the first chemotherapy regimen, the median day of perforation was 46 days (mean, 83 days; range, 2-298 days) following initiation of chemotherapy. Thirty-two percent (8 of 25) perforations occurred within weeks 1 and 2, 12% (3 of 25) in weeks 3 and 4 histopathology
The histopathologic types of lymphoma of the 92 patients who had a perforation are listed in Table 2 . Similar to the prevalence of GI tract involvement in all 1062 cases, DLBCL was the most common lymphoma that perforated. Of the 55 DLBCL cases with a GI perforation, 2 were double hit lymphomas with bcl-2 and c-myc translocations, 7 had transformed from underlying follicular lymphoma, 2 transformed from chronic lymphocytic leukemia and 1 transformed from Hodgkin lymphoma.
Compared with B-cell indolent lymphomas, the risk of perforation was significantly higher with B-cell aggressive lymphomas (HR = 6.31, 95% CI 3.09-15.19, P < 0.0001) and the T-cell/post-transplant lymphoproliferative (PTLD)/other group (HR = 12.40, 95% CI 5.65-31.11, P < 0.0001).
site of perforation
The most common site of perforation was the small bowel (59%), followed by large bowel (22%) and gastric (16%). The spleen and appendix were each involved in one perforation. The distribution of perforation sites is illustrated in Figure 1 . Pathology of the specimen removed at the time of surgery for perforation was available for review in 94 of the 100 events. In 73% (69 of 94), there was a tumor at the perforation site. In the remaining 27% (25 of 94), there was no evidence of viable lymphoma. Etiologies of perforation in this group of patients included acute inflammation and/or tumor necrosis consistent with chemotherapy effect (14) , radiation enteritis (2), diverticulitis after chemotherapy (2), neutropenic colitis (1), procedure related (3), severe infectious colitis from Clostridium difficile (1) and cytomegalovirus enteritis (1) and colonic pseudoobstruction (Ogilvie syndrome) (1).
morbidity and mortality
At the time of last follow-up, 60% (55 of 92) patients with perforation had died. Of these, 30% (28 of 92) died directly due to the perforation or subsequent complications. Among patients who perforated after receiving a single chemotherapy regimen, the median survival was 0.8 years (mean, 3.9 years; range, 0-15.1 years) from the time of perforation. In this group, there were 12 deaths, of which 3 were secondary to perforation. Among patients with relapsed/refractory lymphoma who sustained a perforation after multiple chemotherapy regimens, the median survival was shorter at 0.2 years (mean, 2.4 years; range, 0-24.4 years). In this population, there were 18 deaths, of which 11 were secondary to perforation. Despite modern tumor imaging methods and effective chemoimmunotherapy for lymphoma, perforation of GI tract lymphomas is an important clinical complication. In this large single-institution study, the rate of perforation in patients with biopsy-proven GI tract lymphomas was determined to be 9% with nearly half the perforation events representing the initial presentation of GI lymphoma. Thus, these perforations are unlikely to have been averted with prior interventions. No events occurred within the first 2 days of chemotherapy dispelling a common notion that these perforations occur very early after chemotherapy. In our series, about half of the perforations post chemotherapy occurred in the first month/ cycle, with the other half occurring >4 weeks after starting chemotherapy. These included perforations from the lymphoma itself as well as from treatment-related complications such as neutropenic colitis, infectious colitis, radiation enteritis and colonic pseudoobstruction. Other small series of perforation events in GI lymphoma also report a range of time to perforation from 4 days to >5 weeks from the initiation of chemotherapy [8] [9] [10] . We hypothesize that tumor necrosis and inflammation after administration of chemotherapy contribute to these later perforation events. Our finding that nearly 25% of pathology samples at the time of surgery demonstrated no viable residual tumor supports this. Patients and primary care physicians should be counseled on the high risk of perforation in the first month and beyond the time of initial therapy. GI lymphoma patients with new abdominal pain should receive a prompt physical examination and evaluation for free air in the abdomen with appropriate imaging. A delay in diagnosis and treatment results in increased morbidity and mortality. In our cohort, nearly 50% of all deaths were attributable to the perforation or its subsequent complications. The role of elective surgery in the management of intestinal lymphoma remains debatable. Whether resection of localized disease before initiation of chemotherapy prevents delayed complications of hemorrhage and perforation is not clear. Among 32 patients with intestinal lymphoma, Zinzani et al. reported better outcomes with surgical resection followed by chemotherapy in patients with localized disease [11] . Ibrahim et al. also noted improved event-free survival with resection followed by chemotherapy in 66 patients with intestinal DLBCL, although the effect on overall survival was not significant [12] . The decision to resect a GI lymphoma before chemotherapy depends on several factors including the location and extent of the disease, the pace of the disease, presence of hemorrhage and whether resection would result in long-term complications such as short-gut syndrome. While gastric lymphomas are almost never primarily operated upon [13] , resection before chemotherapy is a reasonable intervention for discrete and localized disease in the cecum or small bowel. For aggressive or multifocal disease, resection before chemotherapy may not be technically feasible or advisable due to the extent and location of the disease as well as the resulting delay in chemotherapy necessitated to allow sufficient tissue healing.
A higher percentage of perforations occurred in males compared with females in our study. This may be reflective of epidemiology of intestinal lymphomas, where males have a higher reported incidence than females [1, 14, 15] . Although 60% (55 of 92) of perforations involved DLBCL, perforation only occurred in 13% of all 415 DLBCL cases involving the gut in our series. The risk of perforation was lowest in B-cell indolent lymphomas compared with B-cell aggressive lymphomas as well as other lymphomas including T-cell, Hodgkin, PTLD and lymphoma unclassified. The German Study Group on intestinal NHL similarly reported a higher incidence of perforation in intestinal T-cell compared with Bcell lymphomas [16] . Of interest, in our study, 20% (8 of 40) of cases of PTLD involving the bowel perforated. This is a novel observation and occurred in a patient population with a higher association of extranodal disease, which was characteristically bulky in the area of the small bowel.
A higher percentage of perforations occurred in the small bowel (59%), compared with the stomach (16%) or large bowel (22%). Ara et al. reported similar findings in their case series of eight patients with bowel perforations from lymphoma, where six of the eight perforations occurred in the small bowel and only two involved the large bowel [17] . Two prospective studies of patients with gastric lymphomas treated with chemotherapy reported no perforation events over a follow-up of >5 years [18, 19] . A relatively low proportion of perforations involving the stomach may be explained by the fact that the gastric wall thickness is greater than that of the small or large intestine. Given the retrospective nature of our study, it is difficult to determine the true incidence of organ-specific perforations. 
